It has been well known that the maternal immunity is transmitted to the offsprings.
For example, newborns of 3 to 6 months old, as a rule are seldome attacked by scarlet fever, small pox, chicken pox or measles.
On the contrary, if mothers do not have the immunity, their newborns may often be attacked by the above diseases.
Recent advances in virology and rickettsiology have made the objective and quantitative analysis of antibodies in viral and rickettsial diseases possible. The neutralizing antibodies in Influenza (Rickard(1), Tsurumi (2)), in Japanese B Encephlites (Segawa (3), Mitamura (4) and Kitaoka (5)), in Poliomyelitis (Aycock (6), Kitaoka (7)) ; the protective substances in yellow fever (Soper (8) , in Coxackie virus (Melnick(9) ) ; the complement-fixing antibodies in Lymphogranuloma venereum (Levine (10) ) ; the haemagglutination inhibiting antibodies in swine influenza Shope No. 15 (Young(11)) etc. were demonstrated to be transferred from the mother to the offsprings.
Here, the transmissions of the antibodies from the mother to the offsprings were studied in experimental murine and epidemic typhus fever, using albino rats and guinea pigs. Besides, the way through which the maternal antibodies are transmitted to the offsprings was carefully investigated. Highly specific and easily determinable complement fixing antibodies (C. F. antibodies) were selected as the indicater.
Material and Method : Animals used:
Adult female albino rats weighing 150-200 g, and adult female guinea pigs weighing 500-700 g.
Method of immunization: 1) Active immunization with live reckettsiae ; 1 cc of a 5-10% R. prowazeki (Breinl strain) or R. typhi (Wilmington strain) infected yolk sac emulsion was injected intraperitoneally.
2) Active immunization with killed reckettsiae or vaccine ; commercial epidemic typhus vaccine was injected intraperitoneally or subcutaneously in divided dosis of 1-5 cc. 3) Passive immunization with specific serum; the rabbit and guinea pig sera specially immunized against epidemic and murine typhus were inoculated subcutaneously or intraperitoneally. Method of bleeding from the mothers and newborns:
Bleeding from the mothers was performed by cardiac puncture with or without anaesthesia of ethyl ether. Bleeding from newborn guinea pigs was found not so difficult but from newborn rats sometimes difficult, and the amounts of blood obtained were often insufficient to perform the C. F. T., so that the blood specimens from more than 2 rats were pooled. Bleeding from newborn rats was practised by opening the thorax and puncturing the heart and test-tubes of smaller calibre, 2-3 mm in diameter were used for centrifugation to collect serum specimens. Method of bleeding from the foetus of guinea pig and collecting its amniotic fluid:
Foetus was taken out by laparotomy. First, the amniotic fluid was collected taking care not to mix the mother's blood and the foetus was bled by opening the thorax and puncturing the heart.
Method of C. F. T. and the reading of its results:
The method of C. F. T. and the reading of its results are as usual (12) . As antigens, epidemic typhus (Breinl strain) and murine typhus (Wilmington strain) were used. Testing of the serum samples was done with the initial dilution 1:10.
For securing the accuracy in reading the results, sera of one series of experiments were tested simultaneously by taking the final serum sample and known positive and negative control sera were used. Serum specimens were preserved in dryice box, as a rule, to avoid the development of anti-complementary effect. A. Results obtained in albino rats Preliminary experiment : The pattern of C. F. antibodies in rats inoculated with 1 cc of 5% R. typhi yolk sac emulsion was as shown in Fig. 1 (Wilmington strain) yolk sac emulsion was injected intraperitoneally into two mother rats before conception and two other rats during gestation.
The C. F. antibodies in the newborns were followed up for several weeks. The antibodies were demonstrated soon after their birth reaching the highest level in the 1st and 2nd week. Decreasing thereafter they became undemonstrable by the end of 6-7 weeks after birth.
As a control experiment, the C. F. antibodies in the newborns from 3 litters of normal mothers were tested and all proved negative (lower than 1:10) . Experiment 2. The cross-nursing experiments (Table 2 ) : i)
The C. F, antibodies in the newborns delivered by immune mothers and nursed upon normal foster mothers (the placental transmission) : The C. F. antibodies in the newborns of 3 litters were followed up. The antibodies were demonstrated soon after their birth, decreasing thereafter they became negative by the end of 3-4 weeks. Table  2 ii) The C. F. antibodies in the newborns from normal mothers and nursed upon immune foster mothers (the transmission by colostrum and milk) : The newborns from normal mothers were nursed upon immune foster mothers. The nursing were started with colostrum, 15th day's milk and 21st day's milk of immune foster mothers.
After one week of nursing, the C. F. antibodies in the newborns became demonstrable, and reached the highest level in the 2nd week. Decreasing thereafter the antibodies proved negative at the end of 7 weeks after birth. Experiment 3. The C. F. antibodies in the newborns nursed by actively immunized mothers during their lactation (the transmission via colostrum and milk ) ( Table 3 ) : The C. F. antibodies were demonstrated to become positive in the sera of the newborns nursed by their own mothers actively immunized Table  3 with live R. typhi 1 and 7 days after delivery, but negative in the newborns nursed by their own mothers immunized 14 days after delivery. Experiment 4. The C. F. antibodies in newborns from the mothers actively immunized with commercial epidemic typhus vaccine (The transmission via colostrum and milk) : The mother rats were injected with commercial epidemic typhus vaccine 11 times (dosis 2-5cc) from one day before delivery till the 19th day after it. In the sera of newborns at the 19th and the 25th days, the C. F. antibodies were positive with the titre E 1:40, M 1:10 and E 1:20 M (-).
Experiment 5. The C. F. antibodies in newborns from the mothers passively immunized with rabbit specific anti-sera against epidemic and murine typhus (Table 4) : Three mother rats were injected intraperitoneally with specific antisera for 4-6 successive days (daily dosis 5 cc).
The injections of antisera were started during lactation in 2 rats and before delivery in the other rat. Table  4 The C. F. antibodies were negative before immunization and became positive after immunization in both mothers and newborns. B. Results obtained in guinea pigs.
Preliminaly experiment : The abortion found in guinea pigs inoculated with live R. prowazeki during gestation.
Abortion has occurred in 4 out of 5 pregnant guinea pigs when injected 1 cc of 5% R. prowazeki yolk sac emulsion intraperitoneally, just as pregnant guinea pigs infected with typhus are often found to miscarry during the febrile stage. Besides, isolation of the rickettsiae from the aborted foetus has proved negative.
From above results, immunization of the mother guinea pigs during gestation has been carried out with killed rickettsial vaccine. Experiment 1. The C. F. antibodies in the newborns from immunized mothers and nursed by the same mothers. i) When mothers have been actively immunized with live rickettsiae : Two guinea pigs were injected with R. prowazeki yolk sac emulsion 62 and 75 days before delivery respectively and another one with R. tjphi yolk sac emulsion 80 days before delivery. The C. F. antibodies in the newborns from these mothers became positive soon after birth and lasted for 2-3 weeks. The C. F. titres of mothers, were the same or a slightly higher than those of the newborns at the time of delivery.
Concerning the specificity of C. F. antibodies against E and M antigens, some cross reactions were found provable but C. F. titres in the newborns were higher against homologous antigen than against heterologous antigen (Table 5 ).
Table5 ii) When mothers were actively immunized with live rickettsiae and killed rickettsial vaccine : Guinea pig G2 was injected with R. prowazeki yolk sac emulsion febore pregnancy and two boosters of R. prowazeki vaccine 1 and 2 weeks before delivery.
The C. F. antibodies in the 3 newborns were followed up successively for several weeks. They demonstrated the highest titers soon after their birth, however, they were slightly lower than their mothers', and gradually decreased thereafter becoming negative by the end of 5-6 weeks after birth (Table 5) . Guinea pig G34 was injected with R. typhi yolk sac emulsion before conception and with 4 boosters of R. prowazeki vaccine prior to delivery.
The C. F. antibodies in the newborns demonstrated a titre slightly lower than that in mothers and proved negative 4 weeks after birth. One of the two newborns was nursed by normal foster mothers.
In spite of booster injection of R.
prowazeki the C. F. antibodies against M antigen have shown to be higher than those against E antigen, as a paradoxical reaction, according to anamnesis (Table 5 , Table 7 ).
iii) When mothers were actively immunized with killed rickettsial vaccine (Table 6 ) : When immunization was started at the end of pregnancy, the In another instance, which was immunized before delivery and a booster injection was given 8 days before delivery, the C. F. antibodies were demonstrated in both mother and newborns. The titre in mother was much higher than that of newborns (1:160 to 1:10). Table  7 Experiment 2. The cross nursing experiments (Table 7) : i) The C. F. antibodies in the newborns from immune mothers and nursed by normal foster mothers : One newborn (G 21-2) from th emother immunized with epidemic typhus and another newborn (G 34-2) from the mother immunized with murine typhus were nursed by normal foster mother respectively.
The fluctuation of C. F, antibodies observed in these two newborns was much the same as in those nursed by their own mothers (G 21-1, and G 34-1) ( Table 5 ).
The C. F, antibodies in the newborns decreased gradually after birth and became negative in 4 weeks' time.
ii) The C. F. antibodies in the newborns from normal mothers and nursed by immune foster mothers : Three newborns from normal mothers were nursed by immune foster mothers. The C. F. antibodies were not demonstrated in the newborns after 1 and 2 weeks' nursing by immune foster mothers. Experiment 3. The C. F. antibodies in the foetus of the mothers passively immunized during gestation : Two guinea pigs were injected with specific homologous (guinea pig) immune sera against typhus, and another one with heterologous (rabbit) immune sera against typhus. The condition of immunization was as shown in Table 8 . After passive immunization, the foetus was taken out by laparotomy and the blood of foetus was collected by cardial pancture.
Amniotic fluid was collected, at the same time, paying much care not to mix mother's blood. The C. F. antibodies were found positive in the foetus. Table  8   Table  9 The C. F. antibodies found in the foetus of the mother immunized with homologous anti-sera seemed to be a little higher than those found in the foetus of the mother immunized with heterologous antisera. The C. F. antibodies in amniotic fluid were not demonstrated. Experiment 4. Demonstration of C. F. antibodies in amniotic fluid : The C. F. antibodies in the amniotic fluid were not demonstrated in the above experiments, but the C. F. antibodies were positive in the amniotic fluid of a guinea pig strongly immunized with live and killed rickettsiae before and during gestation. The C. F. titres in the mother, foetus and amniotic fluid were 1:640, 1:160, 1:2 against E antigen respectively (Table 9) DISCUSSION Two main routes through which the maternal antibodies may be transferred to the offsprings are considered to be via placenta and via colostrum and milk. The relation between the structure of placenta and placental transmission of antibodies have been studied precisely since Grosser. The smaller the number of cell layers which separate the maternal circulation from that of foetus the antibodies pass the more easily through placenta.
For instance, in human, monkey, rabbit, mouse, rat etc. having haemochorial type of placenta of one cell layer, the antibodies are transmitted mainly via placenta while, in ox, sheep, goat and other ruminants having the syndesmochorial type of placenta of 3-4 cell layers, the route of transmission is considered chiefly via colostrum and milk.
Exceptionally in rats and mice, which belong to hemochorial type, their antibodies were demonstrated to be transfered not only via placenta but also via colostrum and milk.13), 4), 5) Experiments were also carried out to determine the route through which the C. F. antibodies of typhus fever are transmitted from the mother to the offsprings in rats and guinea pigs.
During the course of the experiment, worth16) published the data that the murine typhus C. F. antibodies can be transferred from the mother to the newborn in roof rats and cotton rats caught in field, which coincides with the results in albino rats observed by the author.
The crossnursing experiments were performed, further, to analyse the route of passage.
In the experiment of albino rats, C. F. antibodies were demonstrated to be transmitted from the mother to the offsprings not only via placenta but also via colostrum and milk.
In guinea pigs, however, the transmission via colostrum and milk was not demonstrated.
It must be attributed to certain special conditions of newborn guinea pigs, such as the long period of gestation, the perfect formation of body at the time of birth and the short and undeterminable period of lactation. It is not clear whether the C. F. antibodies pass into the amniotic fluid from the mother or the foetus. If the C. F. antibodies in the maternal circulation would pass directly into the amniotic cavity, it may be allowed to consider, as Calman14) pointed out, that the foetus would drink the antibodies and concentrate them in their stomach as ruminants do after birth. The admission of antibodies to foetus via yolk sac splanchnopleure in rabbits was confirmed by Brambell17).
Intra-uterine transmission of antibodies to foetus other than across the placenta would require further investigation.
SUMMARY AND CONCLUSION
(1) when mother rats were actively immunized with live R. typhi prior to gestation, during gestation and lactation, with killed R. Prowazeki vaccine during lactation or passively immunized with specific rabbit antisera during lactation, the C. F. antibodies were proved developing in the sera of newborns .
(2)
In the above experiments and cross-nursing experiments of immune and normal mothers, the maternal C. F, antibodies in rats were demonstrated to be transmitted to their offsprings not only via placenta but also via colostrum and milk. The author would like to thank Dr. M. kitaoka for his constant interest and advise.
